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BACKGROUND
 
Global climate is changing rapidly, and humans are 
very likely to have a significant role in affecting these 
changes (IPCC, 2007).  Placing these anthropogeni-
cally-forced contemporary changes into a long-term 
context is crucial to our understanding of how the 
climate system works and for demonstrating the 
full range of its natural variability.  As warming 
progresses, profound shifts in the cryosphere and 
biosphere are being observed, especially at higher 
latitudes (ACIA, 2004; D’Arrigo et al., 2007, Serreze 
et al., 2007).  Of particular concern are the accelerat-
ed changes now taking place in the Arctic and Sub-
arctic (Josberger et al., 2006; Rahmsdorf et al., 2007; 
Stroeve et al., 2008), and their link to an  accelerated 
rise in eustatic sea level (Church and White, 2006; 
Meier et al 2007).  It is with these observations in 
mind that we conducted research on the paleocli-
mate of Glacier Bay, a climatically-sensitive region 
of the North Pacific where we are presently generat-
ing and analyzing tree-ring records.  For the North 
Pacific region, most observational climate records 
are less than 100 years long, spanning only the inter-
val of possible anthropogenic influences. This paleo-
climate data generated in this Keck project will help 
us to reconstruct critical parameters that are needed 
to understand climate dynamics of the North Pacific 
(e.g. Pacific Decadal Oscillation or PDO – Mantua 
et al. 1997). 

OBJECTIVES

The Glacier Bay tree-ring record can be used to re-
construct key variables of North Pacific climate.  In 
so doing, the student work presented here builds on 
our previous work over the past several decades, in-
cluding most recently a study by Wilson et al. (2007) 

that identified regime shifts and climate changes 
for the GOA and their relation to North Pacific 
climate using a long tree-ring record dating back 
to the early eighth century. The proposed tree-ring 
record for Glacier Bay will allow us to extend such 
analyses much further back in time. As in Wilson 
et al. (2007), student work here has recognized past 
oscillatory modes for the North Pacific region and 
their relation to the variability of the PDO, Aleutian 
Low  (Erlinger, this volume), Pacific North America 
pattern (PNA) and  El Niño-Southern Oscillation 
(ENSO) (e.g. A. Plourde, this volume; D’Arrigo et al. 
2005a and b), all prominent features of interannual 
to decadal-scale North Pacific climate variability.  

We conducted our summer 2007 research entirely 
within Glacier Bay National Park and Preserve in 
southeast Alaska on the northeastern Gulf of Alaska 
(Fig. 1).  The National Park encompasses well over 
1.3 million ha, most of it designated wilderness. The 
Glacier Bay watershed, with ~26% ice cover, extends 
throughout most of the central area of the park. It is 
bounded to the west by the Fairweather Range and 
to the north and east by the Takhinsha Mountains 
(Figs. 1 and 2). With the exception of some lowlands 
at the southeastern and southwestern margins, all 
but the highest peaks within Glacier Bay were cov-
ered by ice during the Little Ice Age (LIA).  Maxi-
mum extent was reached at about 1770, when the ice 
extended into Icy Strait beyond the current mouth 
of Glacier Bay (Motyka et al., 2003).  By 1794, about 
8 km of the bay was free of ice, as retreat had already 
begun when observed by Captain George Vancou-
ver.  This relatively recent loss of ice mass has had a 
significant effect on global sea level rise, contribut-
ing as much as 8 mm (Arendt et al., 2002, Larsen 
et al., 2005, 2007).  Recession of tidewater glaciers 
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from Glacier Bay is one of the best documented on 
the globe, with ice margins retreating distances over 
120 km at some of the highest rates ever recorded 
(Powell, 1991).  During this retreat, forests that were 
overridden by ice advance have been discovered.  
Radiocarbon dating and preliminary tree-ring dat-
ing of subfossil wood from these interstadial forests 
reveal that in addition to the LIA advance, ice appar-
ently advanced into Glacier Bay several other times 
beginning as early as 10,000 years ago, thus indicat-
ing a highly active and variable region (Lawson et al, 
2007; Mann and Streveler, in press; Monteith et al., 
2007; Conner et al, in review).

The primary aim of the project was to sample living 
trees and recover subfossil wood from Glacier Bay 
National Park and Preserve.  This work contributes 
to the ongoing progress building a multi-millennial 
tree-ring chronology and assessing its climatic sig-
nificance for the region. The ring-width chronology 
can be analyzed as a climate record and used in tree-
ring dating of wood from the region.  Our previous 
work in southern Alaska shows that ring-widths are 

primarily records of past temperature variability
that can contribute to the reconstruction of climate. 
In addition, the crossdating and building of the long 
tree-ring series provides calendar dates for glacier 
advances in the park. Specific objectives were to:

1) Develop ring-width series from living trees 
 spanning the past several hundred years, 
2)  Identify the climate signal in these series,
3)  Use the tree-ring series in modeling climate in
 the North Pacific, and
4)  Sample sections of subfossil wood that grew for 
 various intervals through the past several 
 millennia, incorporating resulting data into
 the long tree-ring series and build 
 preliminary floating ring-width series. 

Due to logistics and interests of the participants, 
we focused on the lower portion of the bay sam-
pling subfossil wood from Charpentier Inlet south 
to Bartlett Cove, and the living tree-ring record on 
Excursion Ridge (Figs. 1 and 4).  We collected four 
new living tree-ring sites (Table1, Fig. 1) and have 
processed two of these for ring-widths.  Individual 
student projects are outlined in the subsequent sec-
tions (E. Erlanger, A. Plourde and A. Trutko, this 
volume)

Figure 2. View of Glacier Bay looking east toward the Takhinsha 
Mountains. The USGS research vessel Sigma T operated by the 
National Park Service is in the foreground.

Figure 1. Locations within the Glacier Bay watershed of Glacier 
Bay National Park and Preserve (star in inset map). Note the ad-
vanced position of the ice margin near Icy Strait in the early to 
late 1700s. Beartrack Cove and Excursion Ridge (green dots) are 
the locations of the living tree-ring sites. We have also recovered 
subfossil wood (red stars) from multiple locations during the 
summer of 2007. 
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PROGRESS IN TREE-RING ANALYSIS

Significant progress has been made in developing 
ring-width series and identifying the climate signal 
in these records from Glacier Bay.  We have found a 
strong temperature signal in ring-width data from 
two tree-ring sites at Beartrack Cove and Excursion 
Ridge (Figs. 1, 2).  These ring-width series have been 
combined with the growing network of tree-ring 
sites along coastal northern North America. The 
following three student contributions illustrate the 

range of applications that dendroclimatic model-
ing spans and also the challenges in working with 
tree-rings as unprecedented environmental change 
appears to be altering climate response of trees. 

E. Erlanger successfully reconstructed Sitka air tem-
peratures back several hundred years using the tree-
ring data generated from this project along with six 
other ring-width series from the Gulf of Alaska. The 
Sitka meteorological record is the longest observa-
tional record in the North Pacific dating back to the 
1830s with Russian Settlement of Alaska. Her well-
verified tree-ring model clearly shows the decadal 
pace of the North Pacific and significantly extends 
the observational record back into the 16th century. 

A. Plourde exploited a well-known teleconnection 
pattern – the Pacific North American (PNA) pat-
tern - that links temperature variability in the North 
Pacific with moisture changes in the Great Lakes re-
gion of North America. Using a suite of tree-ring re-
cords from Alaska and the Pacific Northwest he was 
able reconstruct levels of Lakes Huron and Michi-
gan. This work extends the existing monthly lake 
level records of the past 100 years for the Laurentian 
Great Lakes by several hundred years and allows a 
glimpse into the decadal to century-scale variability 
of this important water and ecological resource.

A. Trutko examined the phenomenon known as 
divergence at Excursion Ridge. Divergence is an 
underestimation of recent temperature trends in 
some tree-ring data (see D’Arrigo et al., 2007 for a 
review).  We are now aware that growth divergence 
is a challenge in our chronology development from 
the region and about half of the core samples at the 
living tree-ring sites have experienced a relatively 
recent (past several decades), unexplained decrease 
in growth. This realization has bearing on Erlanger’s 
work that used the Excursion ring-width record in 
her modeling efforts.

In addition to his individual student project, 
Plourde was successful in crossdating logs sampled 
during 2005 and our work in 2007, from the uplift-
ing intertidal zone near the southern end of the fjord 
system.  These logs date to the recent LIA advance. 

Figure 3. Sampling mixed hemlock–spruce-cedar-pine forest 
along the western flank of Excursion Ridge, Glacier Bay.

Figure 4. Looking north from the Charpentier Fan. Researchers 
(right to left) A. Plourde, A. Trutko, E. Erlanger and D. Lawson 
return to the Sigma T.
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Calendar dates on the outer rings of the logs show 
that the trees were killed near the mouth of Bartlett 
Cove between 1704 and 1724, and 5.25 km to the 
south by 1735 (Fig. 1).  The significance of these 
dates with regard to glacier history is still under dis-
cussion, but appears to record an incredibly fast rate 
of ice advance.  Connor et al. (in review) suggest, 
based on radiocarbon dates, that the LIA advance 
to Bartlett Cove occurred about AD 1680, while our 
tree-ring dates suggest advance through that region 
between 1704-1735.  Additionally, native Tlingit 
legends report two years of continuous winter con-
ditions about the time of the Tlingit-evicting LIA ice 
advance (summarized in Connor et al., in review).  
Interestingly, our tree-ring records show extreme 
cold between 1752 and 1754, possibly reflecting this 

event (Fig. 2 and Erlanger, this volume). 
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Figure 5. Two living tree ring-width series from Glacier Bay that show a strong temperature signal. Both series correlate strongly 
with February through August average temperatures from Sitka, AK, in the 1800s and 1900s (right panels). The gap is due to a 
discontinuity in the station record during the transfer of Alaska from Russia to the United States – E. Erlanger’s work (this volume) 
estimated missing values using her modelling. Note that both tree-ring series show abrupt changes (arrows) in temperature during 
the 1970s and early 1940s, known regime shifts (Ebbesmeyer et al., 1990; Mantua et al., 1997) and another possible shift about 
1840. Further analyses of this record and its comparison to other records from GOA are currently being done for an undergraduate 
thesis (Erlanger, in progress).  Note that both Beartrack and Excursion Ridge series tail off in their growth toward the end of the re-
cord (left panels); this appears due to a loss of climatic sensitivity (divergence). Blue shading in the left panels shows a cold interval 
that may be related to Tlingit legends that describe two years of  continuous winter  conditions (Connor et al., in review).
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